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AUTOMATIC IMAGING AND ANALYSIS OF 

MICROARRAY BIOCHIPS 

FIELD OF THE INVENTION 

This invention relates to the imaging and analysis of experiments performed on 
5 microarry biochips. More particularly it relates to the automatic control of microarry 
scanners and selection of the proper protocols for analysis of the image maps provided 
by the scanners. 

BACKGROUND OF THE INVENTION 

Micrroarray biochips are being increasingly used for the performance of large 
10 numbers of closely related chemical tests. For example, to ascertain the genetic differ- 
ences berw^een lung tumors and normal lung tissue one might deposit small samples of 
different cDNA sequences under a microscope slide and chemically bond them to the 
glass, ten thousand or more such samples can easily be arrayed as dots on a single mi- 
croscope slide using mechanical microarraying techniques. Next, sample mRNA is ex- 
15 tracted from normal lung tissue and from a lung tumor. The mRNA represents all of 
the genes expressed in these tissues and the differences in the expression of mRNA 
between the diseased tissue and the normal tissue can provide insights into the cause of 
the cancer and perhaps point to possible therapeutic agents as v/elL The 
''probe'^samples from the two tissues are labeled with different fluorescent dyes. A 
20 predetermined amount of each of the two samples is then deposited on each of the mi- 
croarray dots where they competitively react with the cDNA molecules. The mRNA 
molecules that correspond to the cDNA strands in the array dots bind to the strands and 
those that do not are washed awav. 

The slide is subsequently processed in a scanner that illuminates each of the 
15 dots with laser beams whose wavelengths correspond to the fluorescences of the label- 
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ing dyes. The fluorescenl emissions are sensed and their intensity measured to ascer- 
tain for each of the array dots the degree to which the mRK'A samples correspond to the 
respective cDNA sequences. In the experiment outlined above the image scanner sepa- 
rately senses the two fluorescences and thereby provides separate maps of the reactions 
3 of the mRNA extracted from the nomtal and tumorous tissues. The scanner generates 
an image map of the array, one for each of the fluorescenses. The maps are ultimately 
analyzed to provide meaningful information to the experimenter. 

Microarray biochips are available in a variety of form factors and they may 
contain one or more different fluorescence labels. The reagent, involved in the chemi- 

.0 cal reactions in the array dots are typically biological samples such as DNA, RNA, 

peptides, proteins or other organic molecules. The biochips might be used for diagnos- 
tics, screening assays, genetics and molecular biology research. They may include in 
addition to the test dots, carlibration dots containing known amounts of the fluorescent 
materials. Scannmg of the latter dots thus serves to calibrate the readings obtained 

15 from the test dots. 

In order to obtain accurate information from the scanning of a biochip array, it 
is important to know which fluorescence materials have been u^ed, in where the arrly 
is located, and the locations of the calibration dots, if any. It is inaportant to know the 
fluorescent materials in order to use the correct wavelengths in iJluminating the dots 
0 and to filter the correct wavelengths of the fluorescem omissions. Furthennore, it is 
advantageous to excite the fluorescenses with a high intensity so as to provide the 
maximum signal to the fluorescence detector. However, the ime^ity must be kept be- 
low the level at which the flurorescense is saturated or the fluorescent material is de- 
graded and this depends on the particular fluorescent material thai is used. 

Furthermore, analysis of raw data collected by the seamier must be performed in 
accordance with protocols that may vary in accordance with experiment parameters. 
Prior to the presem invention entry of the scamiing and analysis protocol has been per- 
fomied manually. This involves significant operator time and. further, is a source of 
errors in the scanning and analysis procedure. 
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SUMMARY OF THE INVENTION 

In accordance with the invention an identifier corresponding to each experiment 
is imprinted on the biochip. The identifier is machine readable and, preferably, also 
human readable. For example, the identifier may be a number with numerals imprinted 
5 on the slide along with a bar code representation of the number. The experiment identi- 
fier IS imprinted on the chip prior to the deposition of the array experiment. A file 
folder (i.e., "directory") is opened in a computer system and is logically linJ<ed to the 
array identifier. An operator may enter into that folder the various parameters of the 
experiment array, e.g., a map of the reagents deposited in the array, identification of the 

10 fluorescent tags and the reagents to which they are bonded, and also the locations of 
any calibration dots on the chip. The operator may also enter into the folder an identi- 
fication of the scanning and processing protocols to be used in connection with the 
scanning process. Preferably, however, the system is programmed to retrieve the in- 
formation from the biochip. The protocols are therefore identified, or even described, in 

15 the machine-readable code on the biochip. 

Accordingly, when the biochip is subsequently installed in a scanner, the scan- 
ner can scan the bar code version of the identifier. The system can then automatically 
open the requisite file folders and obtain the scanning and analysis protocols. The scan- 
ner is then set up to operate in accordance with the retrieved protocol. The resulting 
20 image map of the scanned data is stored in one or more files in the chip's file folder. 
The analysis protocol is subsequently retrieved and the image map processed in accor- 
dance with the latter protocol provide an array of output data. 

If the system cannot locate an appropriate protocol, either for scanning or 
processing, it prompts the operator to identify an appropriate stored protocol or to enter 
25 a new protocol, if required. 

With the foregoing arrangement the requirement for operator intervention is 
significantly reduced. This speeds up the overall process and. perhaps more important, 
reduces the probability of error that would be encountered error due to improper entry 
of scanning and processing protocols. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The invention description below refers to the accompanying drawings, of 

which: 

Fig. 1 depicts a biochip containing two experiment 
Fig. 2 is an enlargement of a ponion of Fig 1 . 

Fig. 3 is a diagram of a system operating in accordance with the invention; and 
Fig. 4 is a flow diagram of the process of the invention. 



DETAILED DESCRIPTION OF AN ILLUSTRATIVE 
10 EMBODIMENT 

In Fig. 1, a microarray biochip 10 is embodied in the form of a microscope slide 
than having two array regions 12 and 14. Each of the array regions involves an ex- 
periment comprising an array of tests each of which involves a different combination of 
reagents. The tests are performed by depositing in drops of reagents in locations de- 
ls picted as dots. The regions 12 and 14 comprise different experiments, in which case the 
tests in region 12 will be different from those in region 14. 

The biochip 10 has also been imprinted with experiment identifiers 16 and 18 
relating to the experiments performed in the regions 12 and 14. Specifically, each of 
the identifiers comprises a numeral (16a,18a) and a corresponding bar code (16b,17b) 
20 representation of the numeral, as illustrated in the drawing. The identifier may be a 
number in which some of the digits identify experiment parameters of the array, others 
identify the source of the arrays, others may identify the scanning and analysis proto- 
cols or evenprovide the operating parameters for those protocols, and still others iden- 
tify the array itself. 

^5 A typical array region is depicted in greater detail in Fig. 2. The region com- 

prises an array of test spots 20, and optionally, a series of control spots 22 and focus 
targets 24. The control spots 22 and the targets 24 are used at the beginning of the 
scaiming process to calibrate and/or adjust the scanner. 
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As shown in Fig. 3, a system embodying the invention, includes an identifier 
printer 30 that imprints the experiment identifiers on the microchips. The chips are 

loaded into an arrayer 32. where the test spots are deposited to form the experiment ar- 
rays. 

The biochip subsequently passes to a scanner 42 which first scans the bar codes 
1 6b and 1 8b. The system 34 responds by opening file folders 36 that are logically 
linked to the identifiers. In the folders 36 it opens files containing the information in the 
Identifiers. If the bar codes identify protocols contained in a protocol library 35 or if 
the protocols are contained in the identifier, the system copies the protocols into'files in 
.0 the biochip's corresponding file folders. The system then sets up the scanner to operate 
in accordance with the retrieved scanning protocols. 

The image maps obtained by the seamier are stored in image maps 44contained 
in the folders 36. Finally, an analyzer 45 in the host computer system analyzes the 
contents of the image maps 44 to provide output tables 46 also stored in the folder 36 
.3 In generating an output table the analyzer 45 uses the analysis protocols contained in 
folders 36. 

A flow diagram of the scanning and image analysis operations is depicted in Fig 
4. When a biochip 10 is loaded into the scanner 42, the scanner, in step 50, attempts to 
read the array identifiers on the chip. If it can read the identifiers, it transmits them to 
0 the host computer system 34 as shown at step 52. If the scamper cannot read the identi- 
fiers, it prompts the operator to enter them manually as indicated in step 54. At step 56 
the host computer decodes the identifiers and ascertains the protocols that are to be 
used Assuming the identifier points to protocols, the computer system, at step 58 as- 
certains whether the protocol library 38 contains a protocol identified in step 56. If it 
■> does, the protocol is applied to the seamier 42, which, at step 60, sets up the imaging 
protocols and acquires the microarray image map . If the library 38 does not contain 
the identified protocol, it proceeds to step 62 to obtain the protocols from an external 
source (not shown). The retrieved imaging protocol is then passed to the seamier 42, 
which operates as indicated in step 60. In step 64, the image maps are recorded in an 
image file 44. 
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At a subsequent time, the analysis program is invoked at step 66 and at step 68 
the system determines whether the appropriate analysis protocol is resident in the pro- 
tocol library 38. If it is, the system executes the quantitative analysis at step 70. If the 
library' 38 does not contain the appropriate protocol, the external source is examined, 
and, it passes the protocol to step 70. 

It will be apparent that the foregoing system operates with minimal operator in- 
tervention and, therefore, it processes the biochips materially faster than prior arrange- 
ments. Moreover, by tying each biochip array to the appropriate protocols at an early 
stage of the process, it reduces the errors that would otherwise be encountered during 
the imaging and analysis stages of the procedure. 

It should be understood that the invention is applicable to biochips other than 
the biochip illustrated herein. For example, it may be used with "wet" biochips, which 
contain reagents in liquid form in arrayed wells. Further, as used herein the term "bio- 
chip" also applies to materials that are not deposited in ordered arrays, e.g., tissues af- 
fixed to slides, which are scanned for fluorescent or other labels. 

What is claimed is: 
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CLAIMS 

1 . A system for processing biochip arrays each of which comprise an experiment 
consisting of a matrix of tests performed on a biochip, the system compromising 

A. a plurality of biochips. each biochip carrying a one or more ar- 
ray identifiers each of which uniquely identifies an arrav on the 

5 bio chip, 

6 B. means for recording, in a computer file corresponding to each 

7 identifier, the parameters of the experiment in the array identified 

8 by the identifier, 

9 C. a library stored in a computer and containing protocols for 

scanning the arrays of various experiments, 

D. a scanner for scanning biochip arrays and including means for 
»2 retreiving from biochip the identifiers recorded thereon, 

E- means responsive to the retreived identifiers for selecting from 
»4 the library scanning protocols for the identified arrays, 

means for controlling the operation of the scanner in accordance 
with the retreived imaging protocols, and 
G. means for recording in a computer, in a location corresponding 
to each identifier, an image map generated by the scarmer in 
scanning the corresponding experiment array. 



10 



16 
17 
)8 
19 



I 2 



The system defined in claim 1, including an analysis for anaylizing the recorded 



2 image maps, said anaylizer including means for selecting from the library the analysis 

3 protocols corresponding to the array identifiers corresponding to the image map. 

1 3. A method of processing biochip arrays, each array comprising one or more ex- 

2 periments, each of which consists of matrix of tests deposited on the biochip, said 

3 method comprising the steps of: 

4 A. imprinting on each biochip a machine-readable identifier corresponding 

5 to each of said arrays, 

6 B- recording in a computer system a file containing, for each identifier, the 
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paraxneiers of the experiinenis in the arrays identified by the arrray 
identifiers on the biochip. 

entering inio a library in said computer system, the protocols for 
for scanning the biochip rays for various experiments, 
in response to each array identifier selecting from said libraty the 
imaging protocols for the experiment in the array idemified 
by the identifier, and 

controlling a scanner in accordance with the selected scanning 
protocol to scan the identified array and record in said computer system. 
A corresponding image map of the array. 



2 A. 

3 



The method defined in claim 3, including the steps of 

selecting from the protocol library a protocol for the analysis of each of 
said image maps, and 

B. Analyzing the image map in accordance with each selected protocol 
analyzing the image map. 
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